A model for predicting the risk of emergency, unplanned intensive care unit (ICU) admission after lung resection for lung cancer has been reported. However, it has not been validated outside of the derivation cohort, and the aim of our study was to undertake external validation at our institution. We reviewed a series of consecutive patients who underwent major lung resection for non-small cell lung cancer over a 6-year period. Test performance was evaluated by area under the receiver operator characteristic (ROC) curve. Between 2003 and 2008, 425 patients underwent major lung resections for lung cancer. The mean age (SD) was 65 (10) years and 241 (57%) were men. A total of 77 (18%) patients were admitted to ICU, 47 for elective admission and 30 (7%) for treatment of post-procedure complications. Of the 30 patients admitted for complications, the median length of ICU (interquartile range) stay was 3 days (1-15 days). The mortality rate among these patients was 17%. The area under the ROC curve was 0.66 (95% CI 0.53-0.79). The Brunelli scoring system had moderate discriminating ability to predict the risk of ICU admission after lung resection in our institution.
INTRODUCTION
Pulmonary resection for non-small cell lung cancer is the most commonly performed major thoracic surgical procedure [1] . Clinicians use intensive care services for routine recovery and monitoring in the immediate postoperative period or for admission for the management of post-operative complications. While preoperative evaluation to identify patients at risk of major complications has been extensively reviewed [2] [3] [4] , individual factors predicting the risk of major complications have only been reported by one scoring system designed to predict risk of intensive care unit (ICU) admission following lung resection [5] . The purpose of this study was to undertake external validation at our institution in predicting the need for emergency ICU admission for complications after major lung resections for primary lung cancer.
METHODS
We conducted a retrospective review of a consecutive series of patients who underwent major lung resection over a 6-year period. Individual patient data were obtained from a prospective surgical database. These data were inputted by trained clinicians from the thoracic surgical department and periodically audited by dedicated clinical audit staff for completeness and accuracy. Data for ICU patients were obtained from ICU electronic entries, medical notes and discharge summaries. Spirometry and lung function data were obtained from the institutional lung function laboratory database and patient case notes.
Our institution is a tertiary referral thoracic surgical centre. Patients are selected for surgery following a multidisciplinary team meeting involving thoracic surgeons, respiratory physicians, chest oncologists, radiologists, pathologists and specialist nurse practitioners. The decision to operate is reached following systematic review of preoperative investigations as detailed in the guidelines [6, 7] . All patients had lung resections (both anatomical and non-anatomical) via a thoracotomy for lung cancer. Postoperatively, patients are electively admitted to the recovery unit for a few hours, or overnight, followed by a high-dependency unit (HDU) prior to discharge to a specialist thoracic surgical ward. Patients were electively admitted to the ICU when the recovery unit was closed (Friday evening, weekends and holiday periods) or if the surgeon deemed the patients to be at high risk for post-operative complications. High-risk patients were defined according to the published British Thoracic Society guidelines [6] . These have recently been updated [7] . In this study, emergency ICU admissions were defined as unplanned admissions following peri-or post-operative complication requiring ICU monitoring and/or treatment.
A scoring system for prediction of ICU admission for complications after lung surgery was derived and validated by Brunelli et al. [5] . It incorporates five preoperative adverse prognostic indicators. The model assigned a weighted score of 1 to each of the variables; age >65 years, ppoFEV1 <65%, ppoDL CO <50%, cardiac comorbidity and a weighted score of 2 for patients that had a pneumonectomy. 
Statistical analysis
Continuous data were presented as mean (SD) or median (IQR) as appropriate to the data distribution, and categorical data presented as frequency (%). Test performance of the Brunelli scoring system to predict post-operative ICU admission was assessed using standard methodology of area under the receiver operator characteristic (ROC) curve. Conventional levels of statistical significance were applied using P < 0.05. Statistical analyses were performed using Stata 10 (StataCorp, TX, USA).
RESULTS
Between January 2003 and July 2008, 425 patients underwent major lung resections, the baseline characteristics are shown in Table 1 . The mean age (SD) of the cohort was 65 (10) years and 241 (57%) were men. A total of 77 (18%) patients were admitted to ICU postoperatively. Of the 77 patients treated in ICU, 47 (61%) were planned (elective admissions) and 30 (39%) were admitted for treatment of complications (emergency admissions) requiring active organ-system supportive treatment. The median (IQR) day of emergency ICU admission was postoperative day 2 (1-4 days) and the median ICU length of stay was 3 days (1-15 days). The observed mortality rate among emergency ICU admissions was 17% (five patients).
Factors associated with a significant risk of ICU admission were age and preoperative forced vital capacity (FVC) ( Table 1) . Patients who died following ICU admission were older and had lower pre-operative DL CO (Table 2) .
In accordance with the Brunelli model [5] , we assigned a risk score of 1 to each of the following preoperative factors; age >65, ppoFEV1 <65, ppoDL CO <50%, cardiac comorbidity and 2 for pneumonectomy (Table 3) . Forty-seven per cent of emergency admissions in our cohort had a cumulative risk score of ≥3 compared with 25% in the rest of the patients.
Test performance of the scoring system was evaluated using the ROC curve. The area under the ROC curve for our cohort of patients was 0.66 (95% CI 0.53-0.79). The analysis was repeated using actual model coefficients (rather than assigned score) with similar results.
DISCUSSION
An EACTS/ESTS consensus statement recommended that patients undergoing major thoracic surgery should be managed in a dedicated general thoracic surgery (GTS) unit with HDU and access to ICU [8] . Accurate identification of patients at risk of postoperative ICU admission can facilitate appropriate (elective) planning, in the expectation that this would lead to better postoperative monitoring and support and hence improve the outcomes of surgery in patients at risk.
The Brunelli scoring system incorporated preoperative predictive variables was derived and validated in a large number of patients in three GTS units [5] . However, statistical models tend to perform best when validated in the same cohort to which it has been derived (internal validation). The aim of our work was to provide the first external validation of the scoring system and to assess the performance in a different patient population prior to widespread acceptance and use. 
